In this work the agronomic viability of substrates based on spents of Agaricus bisporus (J.E.Lange) Imbach) (SAS) and Pleurotus ostreatus (Jacq.) P. Kumm. (SPS) was studied. In addition to the commercial substrate used as reference, six different treatments were considered. In this experiment, SPS and SAS were mixed in different ratios (from 6,000 g and 0 g, respectively, up to 3,000 g and 3,000 g, respectively). SAS was subjected to a heat treatment in a growing room ("cook out") and then to a maturation treatment which consisted of a controlled recomposting process in growing rooms. SPS was subjected to a pasteurizing heat treatment (60 °C -65 °C, 8 h) and progressive decrease for at least 15 h to a "spawning" temperature (25 °C). SPS (5,400 g) + SAS (600 g) and SPS (4,800 g) + SAS (1,200 g) were prepared substrates with biological efficiencies (BE) of 35.98 % and 39.68 % respectively, lower than the control (46.18 %) and acceptable yields. The average unit mass of fruiting body harvested was low. V raziskavi je bila preučevana primernost ponovne uporabe ostankov gojišč, na katerih so gojili dvotrosni kukmak (Agaricus bisporus (J.E.Lange) Imbach), (SAS) in bukov ostrigar (Pleurotus ostreatus (Jacq.) P. Kumm), (SPS) kot substratov za nadaljne gojenje gob v primerjavi s komercialnimi substrati. Iz ostankov gojišč zgoraj omenjenih gob je bilo pripravljenih šest mešanic, katerih primernost je bila ovrednotena glede na komercialni substrat, ki je služil kot kontrola.V poskusu so bile pripravljene mešanice SPS in SAS v različnih razmerjih, od 6000 g in 0 g, do 3000 g in 3000 g vsakega od substratov. SAS substrat je bil prekuhan v prostorih za gojenje in nato prepuščen zorjenju v procesu nadzorovanega ponovnega kompostiranja. SPS substrat je bil pasteriziran (60 °C -65 °C, 8 h), nakar se je počasi ohlajal najmanj 15ur do inkubacijske temperature (25 °C). Mešanice SPS (5,400 g) + SAS (600 g) in SPS (4,800 g) + SAS (1,200 g) so bili primerni substrati z biološko učinkovitostjo (BE) 35.98 % in 39.68 %, ki je manjša kot pri kontroli (46.18 %), a da še sprejemljiv pridelek. Povprečna masa pobranih gob je bila majhna.
INTRODUCTION
The commercial production of mushrooms of the genus Pleurotus is, along with other species of edible mushroom (Agaricus bisporus (Lange) Imbach, and Lentinula edodes (Berkeley) Pegler), a modern and unique economic activity within the field of agronomy, with a remarkable presence in Spain and around the world. Approximately, 13,500 t of this fungus is produced in Castilla -La Mancha (67 % of the national total) (Pardo et al., 2009) . The mushroom growing sector in Spain generates about 5×10 5 tons of spent compost, while the EU, as a whole, produces more than 3.5×10 6 tons (Pardo et al. 2009; Picornell et al., 2010) . This lignocellulosic material called mushroom spent substrate, can be used in various fields of agriculture (animal feed (Zadrazil, 1980) , amendments (Tajbakhsh et al., 2008) , substrates of nurseries, nurseries, (Medina et al., 2009) ), bioremediation (Faraco et al., 2009) , aquaculture, vermiculture and biofuel (Pathak et al., 2009) . But these uses are not enough to take advantage of the high volume generated annually, which accumulates in collection centres located in production areas of Spain. These spent substrates are potential contaminants, as well as, a waste of energy to recycling them. Bisaria et al. (1997) emphasized the importance of protein supplementation in substrates with low nitrogen content, in an organic or mineral form in small amounts. Excess nitrogen can reduce the degradability of the substrate, adversely interfering with production and biological efficiency. Shin et al. (1997) and Chang and Miles (2004) report that, possibly, supplementation with wheat bran (WB) is important to supply the needs of vitamins and other growth factors in the fungi nutrition.
The aim of this work is the agronomic quantitative assessment of substrates based on SAS and SPS. The use of the remaining spent mushroom substrate after the cultivation of P. ostreatus in new production cycles would be an agronomically viable alternative to using wheat straw (WS), which is currently used exclusively as a base material. If you consider the economic problems (associated with the use of this cereal farmer's byproduct and the high market price of WS, especially in drought years) using the remaining spent mushroom substrate is more beneficial. The material could be integrated through new formulations and methodologies with the benefits of lowering production costs and reducing the environmental impact of wastes largely not reused for other farming purposes.
MATERIALS AND METHODS

Analytical methodology used for the characterization of materials
In this experiment, the chemical characterization (moisture content, total nitrogen, protein, ash, organic matter, C/N ratio, crude fiber, NFE, NDS, and cellulose) was studied using two different base materials in the made substrates. The characterization of raw materials and processed substrates was measured according to following parameters: moisture (MAPA, 1994) , pH (Ansorena, 1994) , total nitrogen (Tecator, 1987; MAPA, 1994 ), ash (MAPA, 1994 , organic matter (Ansorena, 1994) , C:N ratio, crude fiber (ANKOM, 2008) , crude fat (ANKOM, 2009), nitrogen free extractives (NFE) (González et al., 1987) , and cellulose and neutral detergent-soluble (NDS) (ANKOM, 2005; 2006a , 2006b .
Furthermore the exploration of mites (Krantz, 1986) and nematodes (Nombela and Bello, 1983) was performed.
Preparation of substrates and experimental design
The only agronomic factor being studied in this experiment is the type of base substrate with four block replicates. In accordance with the experimental design, seven different treatments were generated in the process, as well as two reference commercial substrates. To all the treatments, except the controls, 50 g kg -1 CaSO 4 (gypsum) was added to the base material. In varying amounts, CaCO 3 was also added (Table 1) . (g)  T1  6,000  0  300  T2  5,400  600  300  T3  4,800  1,200  300  T4  4,200  1,800  300  T5  3,600  2,400  300  T6 3,000 3,000 300
T7
Commercially controlled based substrates (6.3 kg bag -1 )
T, treatment; SPS, spent Pleurotus ostreatus substrate; SAS, spent Agaricus bisporus substrate; T7, commercial substrate SPS (Champymar, Quintanar del Rey, Cuenca) was composed of wheat straw (fresh, maximum one week emptying rooms). Materials were mixed and the moisture content adjusted. Once this was done, a pasteurizing heat treatment (60 °C -65 °C, 8 h) was performed. Afterwards, the temperature was decreased to the "spawning" temperature (25 °C) over 15 h. Finally, a supplementation and "spawning" (dose 30 g kg -1 mycelium Fungisem K-15) were performed and the samples were bagged in CIES pilot plant.
All substrates were packed into transparent polyethylene bags of 29 cm in diameter and a height ranging from 25 to 35 cm, according to the substrate type, totalling 6.3 kg approximate of mass. Four holes 2.2 cm in diameter were uniformly punctured over the side of the bags.
A controlled recomposting process was carried out. This consisted of a heat treatment in the growing room. Since air heats faster than the substrate, it reaches the maximum temperature (71 °C) in 19 h, whereas the substrate reaches this temperature in 22 h. After the heat treatment, the temperature is decreased. The air temperature falls more rapidly than the substrate temperature causing the second to be above the first. Finally, the temperature equilibrates to 34 -38 °C after 31 h.
Driving and monitoring of the crop cycle
The total research time was 70 days. The experiment was carried out at the Center for Research, Experimentation and Mushroom Services (CIES), (Cuenca, Spain) in an experimental greenhouse with controlled temperature, substrate temperature, relative humidity, and carbon dioxide concentration and followed the recommended ranges for the variety of selected mycelium (Funginsem K-15) in each stage of development (CIES, 2007) .
During recomposting and maturation the moisture content of the mass was maintained at 500 g kg -1 without leaching. In this process, the evolution of the moisture content in non-intervened composting had values ranging from 527 g kg -1 (at the beginning of the process) to 504 g kg -1 (at the end of the ripening process).
Substrate incubation was approximately 17 days (without external ventilation or lighting). During the incubation period, the relative humidity inside the greenhouse ranged between 90 % and 95 %, while the substrate temperature was between 16 °C and 24 ºC. The room temperature ranged between 18 ºC and 22 ºC to help control the temperature of the substrates made. After this, fruiting was induced by ventilation (to keep CO 2 levels regulated between 0.28 % to 0.10 %), reduction of room temperature (22 °C to 14 °C) and substrate temperature (24 °C to 15 °C), humidity (91 % to 94.50 %), and lighting. These values are similar to the microclimatic conditions recommended by other researches (Pardo et al., 2005a; García Rollán, 2007; Pardo et al., 2007; Gregori et al., 2008; López-Rodríguez et al., 2008; Gea et al., 2009; Kurt and Buyukalaca, 2010) .
Evaluation of the quantitative parameters
Depending on the duration of spawn run time of the substrate by the mycelium (Funginsem K-15) and tested contaminations, a parameter designated as the germination index (GI) was established. The GI was on a scale from 0 (no invasion) to 5 (full invasion). Mushrooms were harvested daily at their optimal commercial development. The quantity of fruiting bodies arising and mushrooms harvested were tracked throughout the whole mushroom growth cycle. The quantity was determined by the number of fruit bodies that simultaneously grew from the same hole in the substrate bag. To calculate the yield of mushrooms produced daily, each bag was weighed to the nearest gram. The estimated net yield was determined by weighing the fruiting bodies after cutting the unmarketable stipe and mass loss calculated. Once fruiting occurred, the BE was calculated and expressed as a percentage of the fresh fruiting bodies over the substrate dry mass. The BE was calculated from the yield provided by each packet, taking into consideration the charge density of the substrate in the bags and their moisture content. The unit mass of Pleurotus ostreatus (gross and net), expressed in grams, was determined from the yields obtained and the quantity of fruiting bodies harvested.
The earliness was established as the time in days since the "spawning" of the substrate to the first flush harvested (weighing the daily relative production of the substrate). Similarly, a second estimation of earliness was performed considering the total harvest.
Fruiting degree was defined as the ratio between the quantity of mushrooms produced and the quantity of holes made in the bags.
Growth and nutritional value of genus Pleurotus spp. mushrooms depend mainly on the type of substrate and growing conditions (Curvetto et al., 2002) , but also the treatments applied on made substrates and the growing mycelium (Pardo et al., 2005b) . These considerations are valid for other edible fungi, for example, Lentinula edodes (Berkeley) Pegler ("shiitake") (Philippoussis et al., 2002; Ozcelik and Peksen, 2007) .
Statistical analysis
To carry out the statistical analysis, two software packages were used: Statgraphics ® Plus version 5.1, and SPSS ® . The techniques employed were descriptive statistics, principal component analysis, variance analysis, and correlation and regression method to evaluate the data. Differences of P < 0.05 were considered significant. T, treatment; SPS, spent Pleurotus ostreatus (Jacq.) P. Kumm. substrate; SAS, spent Agaricus bisporus (Lange) Imbach. substrate; T1, SPS 6,000 g; T2, SPS 5,400 g + SAS 600 g; T3, SPS 4,800 g + SAS 1,200 g; T4, SPS 4,200 g + SAS 1,800 g; T5, SPS 3,600 g + SAS 2,400 g; T6, SPS 3,000 g + SAS 3,000 g; T7, commercially controlled based substrates; CV, coefficient of variation; NFE, nitrogen free extractives; NDS, neutral detergent-soluble. Results expressed in g kg -1 dry matter, except pH, moisture (fresh matter) and C/N ratio.
RESULTS AND DISCUSSION
Analytical characterization of the base materials used and the substrates made
The chemical characteristic results of the different source materials, substrates made, and commercially controlled based substrates are shown in Table 2 . It can be concluded that the final values obtained after the SAS recomposing process were adjusted to the optimum range considered for this process (Lohr et al., 1984; Szmidt, 1994; Raymond et al., 1997) . Due to high concentrations of P, K, Ca, and Mg in the cover layer (Raymond et al., 1997) , a high ash (which contributes greatly to the cover layer of mineral soil), and high values of electrical conductivity (due to release of salts from the decomposed organic matter) (Stewart and Meek, 1977; Lohr et al., 1984) are observed.
The chemical characterization (moisture content, total nitrogen, protein, ash, organic matter, C/N ratio, crude fibre, NFE, NDS, and cellulose) was studied using two different base materials in the made substrates. With increasing SAS doses, the pH increases to 8.07 and the ash content to 50.88 %. In contrast, the moisture content decreases to 72.50 %, organic matter to 49.12 %, C/N to 33.10, crude fiber to 23.10 %, NFE to 20.40 %, cellulose to 15.33 % and NDS to 11.18 %.
Principal component analysis
The results of the experiment are presented using the Multivariate Statistical Technique of Principal Component Analysis (PCA), according to the physicochemical characterization of the substrates made (Table 3) .
Total nitrogen of the tested substrates shows a negative correlation with moisture (r = -0.895) and NDS (r = -0.747), and a positive correlation with pH (r = 0.786) and hemicellulose content (r = 0.730); the correlation values are lower with the C/N (r = -0.544) and crude fibre content (r = 0.548) and lignin (r = 0.527).
C/N ratio is highly correlated with the values of NFE (r = 0.921) and NDS (r = 0.848), but not, with pH (r = -0.816), ash content (r = -0.682), cellulose (r = 0.649) and, as stated above, total nitrogen (r = -0.544).
The crude fat content of the substrates has an average negative correlation with moisture (r = -0.783) and low correlation with lignin content (r = 0.590), ash (r = -0.604), hemicellulose (r = 0.648) and cellulose (r = 0.652).
As expected, the correlation between the crude fibre and ash content is high, with a negative correlation value of r = -0.931, and a positive value of r = 0.948 with cellulose. When the crude fibre is correlated with hemicellulose (r = 0.831), moisture (r = -0.747), lignin (r = 0.776), and crude fat (r = 0.705), the values are lower. This correlation decreases to r = 0.660 when considering NFE, and to r = 0.548, when considering the total nitrogen content.
Finally, the ash content correlates with a large number of analytical parameters of the processed substrates; in all cases, these correlations are negative: cellulose (r = -0.987), crude fibre (r = -0.931), NFE (r = -0.889), lignin (-0.767), hemicellulose (-0.714), C/N (r = -0.682) and crude fat (r = -0.604). NFE, nitrogen free extractives; Hemi, hemicellulose; Cellu, cellulose; NDS, neutral detergent-soluble; Nitrogen T, total nitrogen. g kg -1 dry matter, except pH, moisture (over fresh matter) and C/N ratio. Absolute value of the correlation coefficient between 0.50 and 0.69 (*), from 0.70 to 0.84 (**) or equal to or greater than 0.85 (***). Extent of participation, in absolute value, between 0.70 and 0.84 (**) or equal to or greater than 0.85 (***).
In Table 5 
Germination rate. Descriptive statistics and analysis of variance
In Table 6 the results obtained for the GI of evaluated substrates are given. In this experiment, we obtained up to three flushes, the same as those achieved by Pardo and Lopez Mondéjar (2004) . Mata and Gaitán-Hernádez (1995) and Salmones et al. (1997) , also, obtained four harvests crops in their experiments. As in the experiments conducted by Bonilla-Lavado et al. (2006), where the production of P. ostreatus had four flushes (in the third flush, all treatments were productive although at a lower rate than the first two flushes, which only enriched Tithonia diversifolia (Hemsl.)), coinciding with the studies by Lozano (1990) , who obtained harvests for two months. Gea et al. (2009) reported, on experiments based on P. ostreatus, a first flush, lasting approximately 10 days, from which primordia was formed constantly and uninterrupted, for more than a month, until the end of the trial; therefore, a clearly defined second flush was not necessary. Bernabé- González et al. (2004) , evaluated three flushes of P. pulmonarius (Fr.) Quél., which were unstable, except in dry jicama stover where only two flushes occured. Philippoussis et al. (2001) achieved the same flushes with P. ostreatus, P. pulmonarius and Pleurotus eryngii (DC.) Quél.. In general, and in the present study, the higher yields were obtained between the first and second flush (80 to 90 % of total production), except Zeng-Chin et al. Of the six different treatments that have been generated with different mixtures, treatment 1, consisting of 6,000 g of SPS, showed difficulties in germination and a high degree of contamination by Gliocladium spp. (which can be associated to the low pH of the substrate (Table 2) ), which produced difficulties in mycelial development, growth arrest, and the absence of production of Pleurotus ostreatus. In the rest of the processed substrates, GI was adequate, and was found that the two treatments with lower SAS were the earliest in the first flush (difference that was cancelled when the earliness referred to days from inoculation to full induction).
The substrates of T2, T3 and T4 have the highest GI (5.00), higher than the average of the 24 substrates (4.79). The substrates of T5 and T7 (commercial) have a GI of 4.75, and the substrate with the GI lowest is T6 (4.25).
Quantitative production parameters. Descriptive statistics and analysis of variance
The most noteworthy aspects according to quantitative production parameters are presented in Table 7 . The duration of the commercial crop cycle was 70 days, 16 of which were for the incubation period. S L 0.00*** 0.002** 0.00*** 0.06ns 0.001*** 0.005** 0.00*** T, treatment; SPS, spent Pleurotus ostreatus (Jacq.) P. Kumm. substrate; SAS, spent Agaricus bisporus (Lange) Imbach. substrate; T2, SPS 5,400 g + SAS 600 g; T3, SPS 4,800 g + SAS 1,200 g; T4, SPS 4,200 g + SAS 1,800 g; T5, SPS 3,600 g + SAS 2,400 g; T6, SPS 3,000 g + SAS 3,000 g; T7, commercially controlled based substrates; UM, unit mass of uncut mushrooms (g); BE, biological efficiency (kg/100 kg of dry substrate); S L , F significance level Fisher. ns, no significant difference, P > 0.05; ** P-value < 0,01; *** P-value < 0,001. For each column, values followed by different letters are significantly different from each other (P = 0.05, Tukey-HSD).
According to Patra and Pani (1995) and Sánchez et al. (2006) , the quality production of a substrate is acceptable from BE of 50 %. In this experiment reduction of BE was observed as the percentage share of SAS in prepared substrate increased (up to 15.88 %). In the observed differences among treatments comprised of different mixtures, the SAS could have worsened some physical characteristics of the substrate such as aeration and drainage, as its particles are much smaller with respect to the SPS. This may have reduced porosity in the substrate and increased compaction in treatments with higher rate of SAS; reducing mycelium growth. Air exchange was especially difficult due to closed bags, favouring increases in CO 2 concentrations and decrease of O 2 within the substrates. It can be seen that in the substrates with lower SAS content, mycelial colonization occurred in the centre of the bag, whereas in the substrates which contained higher SAS content, the fungus colonized a few centimetres of depth only. T2 (SPS 5,400 g + SAS 600 g) and T3 substrates (SPS 4,800 g + SAS 1,200 g), provided acceptable yields, with BE values of 35.98 % and 39.68 %, respectively, lower than the control (46.18 %) ( Table 7) . Several authors have succeeded in studying the growth of P. ostreatus with different types of substrates resulting in higher BE values than those obtained in this experiment with BE values up to 125 % (Klibanski et al., 1993; Gaitán-Hernádez and Salmones, 1996) , up to 138 % with P. pulmonarius on coffee pulp (Velázquez-Cedeño et al., 2002) , and up to 164 % on mixtures of jicama stover and corn stover (Bernabé-González et al., 2004) . BE is mainly determined by Pleurotus spp. species and the type of substrate used. BE increases when the substrates are enriched with nutrients of natural or synthetic origin (Bonilla-Lavado et al., 2006) ; these researchers, in their experiments, obtained between 0.60 % (on coir) and 36.40 % (on sawdust mixture and Tithonia diversifolia (Hemsl.) A.Gray). Pardo et al. (2003) , working with straw, vine shoot, kenaf, and various combinations of these raw materials, obtained BE values ranging between 6.75 and 14.02 %. In a later work, Pardo et al. (2005b) only achieved values of 23.00 and 26.90 % when they combined winter cereal straw and kenaf and then subjected the substrate to pasteurization and thermophilic conditioning. Perez and Mata (2005) with P. ostreatus obtained BE values of 28.10 % based on pine shavings. Salmones et al. (1997) obtained BE ranging between 16.80 % and 71.90 %, using barley straw substrate. Guzman et al. (2003) obtained BE in P. ostreatus up to 59.00 % with waste sugarcane. Garzón and Cuervo (2008) in their research show how wood sawdust and corn stalk BE are improved up to values of 29.10 % to 48.40 % when they are combined with coffee pulp and bagasse sugarcane in different proportions. Varnero et al. (2010) obtained BE values of 2.97 % on poplar chips and 32.94 % on wheat straw. According to the results obtained in this work and those offered by the literature, low BE values are observed when the degree of participation in the prepared substrate SAS is greater; due to the prepared substrates not receiving nutritional supplementation. Pardo et al. (2005b) , working with various substrates made different combinations of WS, barley straw, kenaf, vine-and grape seed flour. The total quantity of mushrooms bag -1 obtained varied between 42 and 82, with the lowest yields of 20.50 g and 32.70 g on combination of straw and kenaf. While the first yield component value is less than the values obtained in this experiment (19.25 to 63 mushrooms), the average unit mass is much higher (between 7.50 and 11.89 g, excluding the one offered by the commercial substrate which was 19.54 g) ( Table 7) . In another work of Pardo et al. (2005a) where scrape, straw, kenaf, vine shoot and "alperujo" were combined the average mass of an upper part of the mushroom ranged between 12 g and 93 g. However, the number of fruiting bodies hole -1 ranged between 0.02 and 1, in general and was lower compared to results of this experiment 0.69 and 1.19 (Table 7) . Using pasteurization and thermophilic conditioning treatments, benomyl moisturization and pasteurization, and semianaerobia fermentation with the same substrates in the same bags, Pardo et al. (2007) obtained average mushroom upper part mass ranging between 14.60 and 25.90 g (higher than those presented in Table 7 ). Gea et al. (2009) , using parallelepipedic packages with 7 holes of 25 mm in diameter and a specific substrate for P. ostreatus cultivation which separates supplements made from aerobic fermentation, achieved a range of 88 to 136 mushrooms bag -1 and an average fruiting body mass of 12.40 g to 14.50 g (each values higher than those presented in Table 7 ). This research offered fruiting index values between 1.21 and 1.57 fruiting bodies per hole. As is the case in this experiment, the literature confirms that increasing the quantity of fruiting bodies per hole and the quantity of mushrooms per bag, decreases the value of a mushroom mass.
T1, consisting of 6,000 g of SPS, showed difficulties in germination and a high degree of contamination by Gliocladium spp. Due to these reasons, T1 was not included in the statistical analysis of this experiment.
3.5 Correlation matrix and "step by step" regression models Table 8 presents the correlation matrix between GI, earliness, quantitative production parameters, and physicochemical characteristics of the substrates made. With statistical significance, the cellulose content has positively favoured both the GI and the BE (r = 0.913 and r = 0.948, respectively) and negatively days from inoculation until the formation of the first primordia (r = -0.922) ( Table  8) . Although not statistically significant (P = 8.2 %) a high positive correlation was found between C/N and BE (r = 0.830) and negative with ash content (P = 7.2 %; r = -0.844). Also, the number of yield component of mushrooms (r = 0.854) with the cellulose content was positively correlated, but without statistical significance (P = 6.6 %). The highest cellulose content in the previously mentioned mixtures favoured the fruition of oyster mushroom (number of flushes, total yield and BE) due to a higher SPS content. The opposite occurred in the time period between inoculation and the appearance of the first primordia. Although not significant from the statistical point of view, higher C/N ratios have also favoured BE, but not the higher total nitrogen contents. Several researches have shown that low nitrogen contents can be a depressive factor for growing of many edible mushrooms (Boyle, 1998; Philippoussis et al., 2002 Philippoussis et al., , 2003 . The quantity of mushrooms is positively correlated with the BE in this experiment (r = 0.975), while the correlation is negative with the second yield component, unit mass (r = -0.952). This last yield component, although not significant, is negatively correlated with the BE (P = 5.40 %; r = -0.872) ( Table 9 ). UM, unit mass of uncut mushrooms (g); BE, biological efficiency (kg/100 kg of dry substrate). Results in parentheses indicate statistical significance. Not significant (P > 0.05) (non *); significant at 95 % (0.01 < P ≤ 0.05) (*); significant at 99 % (0.001 < P ≤ 0.01) (**); 99.9 % significant (P ≤ 0.001) (***). Table 10 shows the "step by step" regression analysis to the physical -chemical properties of substrates, GI, earliness, and quantitative production parameters of the current experiment. Cellulose explains a high percentage of variability in both GI and number of days from inoculation until the formation of the first primordia, although in the first case, there is a positive coefficient and in the second, the coefficient accompanying the model is negative. GI, in turn, is involved in the mathematical model explaining the variability of the days from inoculation until full induction, but the coefficient accompanying the model is negative. With a high fit value, the model which explains the variability of yield component, quantity of mushrooms, includes a negative coefficient for the days from inoculation until the appearance of the first primordia. The other yield component, average unit mass of mushrooms, is well explained with a negative coefficient for the quantity of mushrooms. Finally, the BE is explained by a model including, with positive coefficients, the quantity of mushrooms and the cellulose content of made substrates. The days from inoculation until the appearance of the first primordia have a negative correlation with a high determination coefficient value for BE. , odm), nitrogen free extractives (NFE; g kg -1
, odm), hemicellulose (g kg -1 , odm), cellulose (g kg -1 , odm), lignin (g kg -1 , odm), neutral-detergent soluble (NDS; g kg -1 , odm); odm = on dry matter.
Index germination, earliness and quantitative production parameters (QPP): germination index (GI), days from inoculation to the formation of the first primordia (P2), days from inoculation to the onset of harvest (P4), total quantity of mushrooms, average unit mass of uncut mushrooms (UM, g), biological efficiency (BE, kg/100 kg of dry substrate).
Significant at 95 % (0,01 < P ≤ 0,05) (*); 99 % (0.001 <P ≤ 0.01) (**); 99.9 % significant (P ≤ 0.001) (***). Regressions include only those whose coefficients accompanying the independent variables are significant, provided that the significance of the model is significant.
CONCLUSIONS
According to the results obtained for the combinations tested, the biological efficiencies achieved on tested substrates are lower than those obtained with the commercial reference substrate, so initially, there would be a lack of interest in the spent Pleurotus ostreatus and Agaricus bisporus substrates. However, since they are waste materials, they can be obtained with no or little money. Following treatments showed the highest BE (35.98 % and 39.68 %, respectivelly) -5,400 g SPS + 600 g SAS and 4,800 g SPS + 1,200 g SAS, compared to 46.18 % of the commercial substrate.
Consequently substrate formulations based on spent Pleurotus ostreatus and Agaricus bisporus composts could be a low-cost substrate with selective and balanced nutrients for growth and development of oyster mushrooms.
